a polystyrene-divinylbenzene copolymer-based packing. In this type of column, the separation is based on hydrophobic interactions, a phenomenon of great biological significance, because they are the main forces that stabilize the threedimensional structure of proteins. This paper reports the results from the examination of the utility of this packing material for the separation of native and denatured proteins in milk and also for some other applications.
Experimental

Chromatography
The chromatographic analysis was carried out in a Gilson high performance liquid chromatograph (Gilson Medical Electronics, Villiers le Bel, France) equipped with a type 305 pump, a type 302 pump and a type 7125 Rheodyne Injector with a 20-µl loop. A Gilson 118 variable longwave ultra-violet detector was also used. The chromatographic separation was achieved with a chromatographic column. The integrator used was Gilson 712 HPLC System Controller Software. Gradient elution was carried out with a mixture of two solvents. Solvent A was 0.1% trifluoroacetic acid in water and solvent B was 95% acetonitrile-5% water-0.1% trifluoroacetic acid. Elution was performed at a solvent flow rate of 1.0 ml/min with a linear gradient from 36% of B to 47% of B within 5 min, keeping these conditions during 2 min, followed by another linear gradient from 47% to 52% of B within 5 min and returning to the initial conditions within 2 min. The effluent was monitored at 280 nm.
Materials
Purified proteins were obtained from Sigma Chemical Co. (St. Louis, USA). All reagents used for making buffers were p.a. grade from Merck (Darmstadt, Germany). The buffers were prepared freshly with double-deionized water and filtered through a 0.45 µm filter by means of an all glass Millipore filtration unit (Millipore, U.K.).
Sampling
Three samples of raw milk were obtained directly from the cow producer.
Heating of the raw milk was performed with the equipment described in a previous work by Dalgleish et al., 8 High-performance liquid chromatography using a Chrompack P-300-RP column containing a polystyrene-divinylbenzene copolymer-based packing was examined to analyze bovine milk protein components. The separation of major raw-milk proteins could be performed rapidly and reliably with this HPLC/UV method. The determinations were performed in the linear ranges of 0.01 -2.0 mg/ml for α-lactalbumin, 0.04 -2.5 mg/ml for caseins and 0.02 -2.0 mg/ml for β-lactoglobulin. The validity of the method was verified. Since the chromatographic column enabled the quantification of only "native" milk proteins, the extent of denaturation and loss of milk proteins could be examined. Thus, evaluation of heat-induced proteins denaturation was carried out in raw milk heated for 5 min at pre-determined temperatures. down to room temperature until the moment of analysis.
Three samples each of commercial pasteurised, UHT-treated and powdered cow's milk for a total of nine samples were obtained from the local market.
Powdered milk was reconstituted with deionized water according to the manufacturer's instructions.
All samples were skimmed by centrifugation for 5 min at 5000 r.p.m., filtered and diluted with deionized water prior to injection.
Statistical analysis
Data are represented as the mean±standard deviation. Analysis of variance was used to determine the effects of heat treatment on "native" conformation of proteins. All statistical analyses were done with the Statview TM 4.0 statistical package (Abacus Concepts, Berkeley CA 94704-1038, USA).
Results and Discussion
Standard calibration curves
A linear relationship between the concentrations of α-La, caseins and β-Lg and the UV absorbance at 280 nm was obtained. This linearity was maintained over the concentration ranges of 0.01 -1.5 mg/ml for α-La, 0.04 -2.5 mg/ml for caseins and 0.02 -2.0 mg/ml for β-Lg. The correlation coefficient for each standard curve invariably exceeded 0.999 for all proteins. The value of the detection limit was calculated as the concentration corresponding to three times the standard deviation of the background noise and was 0.005, 0.02 and 0.01 mg/ml, respectively.
A typical chromatogram depicting separation of aqueous standard solutions of milk proteins is shown in Fig. 1 . Figure 2 shows a typical chromatogram obtained for a raw milk sample. The identification was made by comparison of the retention times with those of the corresponding standards.
Validation of the method for raw milk analysis
The precision of the analytical method was evaluated by measuring the peak chromatographic area 10 times on the same sample of raw milk. Relative standard deviation was less than 2%.
Recovery studies were carried out to determine the accuracy of the method. Recoveries ranged between 96.4 and 99.8%.
Evaluation of heat-induced denaturation of milk proteins
Mean results and standard deviations of duplicate determinations for a variety of commercial processed milk and raw milk are presented in Table 1 .
Analysis of Table 1 shows that the casein content did not suffer significant alterations when milk was processed at different temperatures, whereas whey proteins were significantly affected by heat processing, specially the β-Lg content. This observation suggests that the chromatographic column used for this study only enabled the quantification of "native" milk proteins. However, the heat treatment to which milk is submitted during processing, in order to ensure its safety for human consumption and also to improve the yield or properties of some dairy products, implies denaturation of whey proteins. These protein fractions show variable heat-sensitivity so they can act as suitable indicators for monitoring the heat treatment of milk. Knowledge of the precise mechanism of denaturation and aggregation is still inadequate, because the selection of a suitable method giving rapid and reliable results is not simple. According to the literature, 8, 9 during heat treatment whey proteins unfold and polymerize via dissulfide bonds, forming aggregates with different hydrophobicity.
The usefulness of the chromatographic column used herein for the evaluation of the degree of heat-induced denaturation of milk proteins during processing was studied via the monitoring of the remaining native milk proteins. Table 2 shows the evaluation of average casein content in three samples of raw milk submitted to specific heat treatment during 5 min at defined temperatures.
No significant differences were observed between the 500 ANALYTICAL SCIENCES APRIL 2001, VOL. 17 chromatographic behavior of "native" casein and casein after the specific heat treatment when analyzed by ANOVA methodology (p > 0.05). Thus, the quantification of casein in those products was possible using the specified chromatographic column. The extent of denaturation and loss of whey proteins when milk was heated at defined temperatures was monitored with the developed HPLC method. Figure 3 shows the evolution of heat-induced denaturation of α-La and β-Lg under specific conditions.
As expected, the whey proteins showed different heat sensitivities. β-Lg demonstrated a gradual denaturation over the first 40˚C temperature increase (up to 70˚C) followed by a sharp decline at 80˚C and 90˚C (between 60 and 90% degree of denaturation, respectively, as apparent from inspection of Fig.  3 ). In contrast, α-La was less sensitive to the range of lower temperatures assayed and suffered an insignificant degree of denaturation at temperatures up to 70˚C. In the range of higher temperatures assayed, α-La showed denaturation, although the drop was sharper at 90˚C (ca. 60% degree of denaturation) than at 80˚C (ca. 26% degree of denaturation). Furthermore, comparison with data obtained from the kinetic equation derived in reference 10 in a study on the reaction kinetics of the denaturation of whey proteins in milk, showed good agreement with the results obtained by the method proposed herein. For example, at temperatures of 70, 80 and 90˚C the values measured for β-Lg were 2, 58 and 93%, respectively, which were comparable with those reported in the present study, namely 6, 57 and 90, respectively. Values of percentage denaturation of α-La of 4, 27 and 60% were also comparable to the 3, 29 and 59%, respectively, obtained by the same authors.
In conclusion, the separation of major raw milk proteins can be performed rapidly and reliably with this method, because simple sample preparation, precision, accuracy and good separation were obtained.
Most protein separation and quantification techniques are too inconvenient for dairy plants, payments for milk at present are based mostly on the fat content instead of the protein content. By using this HPLC system, the dairy industry may grade raw milk by its nutritional value based on protein content. This technique can also be applied with success to the detection of adulteration of fresh milk with cheaper powdered milk.
The described procedure is suitable for routine determination of casein content in processed milk and could be extended to monitoring the levels of casein in other types of milk products. It can also be a useful tool to evaluate the extension of whey protein denaturation by heating. Table 2 Evaluation of casein content in raw milk heated for 5 min at pre-determined temperatures a a. Values are expressed as mean ± standard deviation of three samples analyzed in duplicate (n = 6).
Temperature
Casein content/mg ml -1 Fig. 3 Evolution of heat-induced denaturation of α-La and β-Lg in raw milk heated for 5 min at defined temperatures.
